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'& SXOVHSRZHU LV XVHG LQ WKH LQWHUHOHFWURGH JDS ,(* EHWZHHQ WKH ZLUH DQG ZRUNSLHFH ZKLFK LV IOXVKHG ZLWK D VXLWDEOH
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 SLORW H[SHULPHQWV XVLQJ RQH IDFWRUDWDWLPH DSSURDFK WR IXUWKHU QDUURZ GRZQ WKH LGHQWLILHG
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LPSURYHIODQNVXUIDFHWRSRJUDSK\PLFURVWUXFWXUHDQGEHDULQJDUHDSURSHUWLHV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SUHVHQW UHVHDUFKZRUN IDFLOLWDWHG IXUWKHUH[SHULPHQWDO UHVHDUFKZKLFKKHOSHG LQHVWDEOLVKLQJ:('0DVYLDEOHDQGHFRQRPLFDO
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ZLWKLQWKHLUUDQJHVEUDFNHWHGE\WKHSUHOLPLQDU\H[SHULPHQWVDQGFRQVHTXHQWO\EHHQUHSRUWHGLQWKHOLWHUDWXUH DV *XSWDDQG-DLQ
DDQGE7KHJHDUVDUHRIH[WHUQDOVSXUW\SHKDYLQJLQYROXWHSURILOHZLWKWHHWK PPRXWVLGHGLDPHWHU  PP
PRGXOH DQGIDFH ZLGWKRIPP 3URILOHDQGSLWFKHUURUVRIWKHVH PHVRJHDUVZHUHPHDVXUHGRQ 6PDUW *HDU &1&JHDUPHWURORJ\
PDFKLQHIURP :HQ]HO7HFK*HUPDQ\ XVLQJDSUREHRIPPGLDPHWHU 6FDQQLQJHOHFWURQPLFURVFRS\ZDVGRQHRQWKH 6XSUD 
IURP &DUO=HLVV *HUPDQ\
 5HVXOWVDQG'LVFXVVLRQ
)LJXUHV DEFDQGGGHSLFW WKH YDULDWLRQRIZLUHEUHDNDJHIUHTXHQF\ZLWKYROWDJHSXOVHRQWLPHSXOVHRIIWLPHDQGZLUH
IHHG UDWH UHVSHFWLYHO\ :KLOH)LJXUHVDDQGGDOVR VKRZ WKHYDULDWLRQRI VXUIDFH URXJKQHVVZLWKYROWDJH DQGZLUH IHHG UDWH
UHVSHFWLYHO\
)URPWKHVHILJXUHVIROORZLQJREVHUYDWLRQVFDQEHPDGH
x 8VHRI YROWDJH EH\RQG YROWVLQFUHDVHVWKHVXUIDFHURXJKQHVVVLJQLILFDQWO\EHFDXVHRIWKHIRUPDWLRQRIGHHSHU DQGLUUHJXODU
VKDSHGFUDWHUVGXHWR RFFXUUHQFHRIYLROHQWVSDUNV )LJD
(OHPHQW :HLJKW $WRPLF
&X  
=Q  
)H  
6Q  
6L  
&D  
6  
$O  
&O  
1758   Kapil Gupta et al. /  Procedia Materials Science  5 ( 2014 )  1755 – 1760 
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 DQG YLEUDWLRQV RI ZLUH ZKLFK LQ WXUQ LQFUHDVHV WKH FKDQFHV RI DGKHUHQFH RI ZLUH WR WKH ZRUNSLHFH DQG
FRQVHTXHQWO\JHQHUDWHVWKHURXJKHUVXUIDFH 7KHUHIRUH PDFKLQLQJ DW ZLUHIHHGUDWHEHORZPPLQOHGWRKLJKIUHTXHQF\RI
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LGHQWLILHGIHDVLEOHUDQJHV RI:('0SDUDPHWHUVZHUHYROWVIRUYROWDJHVIRUSXOVHRQWLPHVIRUSXOVHRII
WLPHDQG PPLQIRUZLUHIHHG UDWH
D E
F G
)LJD (IIHFWVRIYROWDJHRQZLUHEUHDNDJHIUHTXHQF\DQGDYHUDJHURXJKQHVV E HIIHFWRISXOVHRQWLPHRQZLUHEUHDNDJHIUHTXHQF\FHIIHFWVRISXOVHRII
WLPHRQZLUHEUHDNDJHIUHTXHQF\DQGGHIIHFWVRIZLUHIHHGUDWHRQZLUHEUHDNDJHIUHTXHQF\DQGDYHUDJHURXJKQHVV
8VLQJ WKH LGHQWLILHG UDQJHVRI WKH IRXU :('0SDUDPHWHUV WKH SLORW H[SHULPHQWV ZHUH FRQGXFWHG WR DQDO\]H WKH HIIHFWV RI
WKHVH SDUDPHWHUV RQ WKH PLFURJHRPHWU\ EHKDYLRU DQG VXUIDFH LQWHJULW\ DVSHFWV RI WKH PHVRJHDUV DQG WR IXUWKHU EUDFNHW WKH
SDUDPHWHUVIRUPDLQH[SHULPHQWV7KH EHVWTXDOLW\ PHVRJHDU IDEULFDWHGGXULQJSLORWH[SHULPHQWV KDV ',1VWDQGDUG IRUSLWFK
ZLWK P SLWFK HUURU DQG',1 VWDQGDUG IRUSURILOH KDYLQJ PSURILOH HUURU ZKLFK LVPXFKPRUH VXSHULRU WKDQ WKH
TXDOLW\ RI JHDUV IDEULFDWHG E\ RWKHU FRQYHQWLRQDO SURFHVVHV 7KLV JHDU KDV DYHUDJH URXJKQHVV YDOXH RI  P DQG PD[LPXP
URXJKQHVVRIP 7KHYDOXHVRI WZR LPSRUWDQW URXJKQHVVSDUDPHWHUV VNHZQHVV DQG NXUWRVLV ZKLFKJRYHUQ WKH WULERORJLFDO
ILWQHVVRI WKHJHDU DUH  DQG UHVSHFWLYHO\ )LJXUHVDGGHSLFW WKH6(0 LPDJHVRI:('0HGPHVRJHDU)URP WKHVH
LPDJHVLW LVHYLGHQWWKDW WKH:('0HGPHVRJHDUVSRVVHVV EXUUIUHHXQLIRUPWRRWKSURILOH DQG DEVHQFHRIDQ\DGYHUVHWKHUPDO
HIIHFW 0LFURKDUGQHVVWHVWLQJDOVRUHYHDOHGLQVLJQLILFDQWDOWHUDWLRQ LQ WKHPLFURKDUGQHVVDORQJWKHGHSWKRIJHDUWRRWKVXUIDFH
7KHVHUHVXOWVHVWDEOLVKWKHFDSDELOLWLHVRI:('0IRUPDQXIDFWXULQJPHVRJHDUVKDYLQJEHWWHUTXDOLW\DQG VXUIDFHLQWHJULW\
 



 














    
$
YH
UD
JH
UR
XJ
KQ
HV
V

P
Ϳ
:
LUH
E
UH
DN
DJ
H
IU
HT
XH
QF
\
9ROWDJHYROWV
7RQ  V
7RII  V
: PPLQ
ZLUHEUHDNDJHIUHTXHQF\ DYHUDJHURXJKQHVV












    
:
LUH
E
UH
DN
DJ
H
IU
HT
XH
QF
\
3XOVHRQWLPHV
9 YROWV
7RII V
: PPLQ











     
:
LUH
E
UH
DN
DJ
H
IU
HT
XH
QF
\
3XOVHRIIWLPHV
9 YROWV
7RQ  V
: PPLQ
 

 



 










    
$
YH
UD
JH
UR
XJ
KQ
HV
V

P

:
LUH
E
UH
DN
DJ
H
IU
HT
XH
QF
\
:LUHIHHGUDWHPPLQ
9 YROWV
7RQ V
7RII V
ZLUHEUHDNDJHIUHTXHQF\ DYHUDJHURXJKQHVV
1759 Kapil Gupta et al. /  Procedia Materials Science  5 ( 2014 )  1755 – 1760 
D DW ; EDW ;
FDW ; G DW ;
)LJ 6(0 LPDJHVRI :('0HG PHVRJHDU DQGLWV WRRWKSURILOH ZLWKPDJQLILFDWLRQDW D  ; E  ;F  ;DQGG  ;
 &RQFOXVLRQV
(IIHFWV RI IRXU LPSRUWDQW :('0 SDUDPHWHUV QDPHO\ YROWDJH SXOVHRQ WLPH SXOVHRII WLPH DQG ZLUH IHHG UDWH RQ ZLUH
EUHDNDJH IUHTXHQF\ VXUIDFH URXJKQHVV DQG PDFKLQLQJ UDWH ZHUH VWXGLHG GXULQJ PDFKLQLQJ RI EUDVV LQ RUGHU WR EUDFNHW WKHLU
UDQJHV IURPWKH DYDLODEOH UDQJHVRQ WKH :('0PDFKLQH IRU HDVH RI PDQXIDFWXULQJ RI PHVRJHDUV 7KHIROORZLQJFRQFOXVLRQV
FDQEHGUDZQIURPWKHSUHVHQWUHVHDUFKZRUN
x )UHTXHQWZLUHEUHDNDJHV DQGGHWHULRUDWLRQLQVXUIDFHILQLVK ZHUHREVHUYHGDWKLJKGLVFKDUJHHQHUJ\SDUDPHWHUVHWWLQJVLH
YROWDJHDERYH9SXOVHRQWLPHDERYHVDQGSXOVHRIIWLPHEHORZV
x 8VHRIYROWDJHEHORZ9DQG SXOVHRQWLPHEHORZVFDXVHGXQVWDEOHPDFKLQLQJZLWKYHU\ VORZ FXWWLQJ UDWH
x 0DQXIDFWXULQJRIWKH PHVRJHDUVXVLQJWKHEUDFNHWHGUDQJHVRISDUDPHWHUV UHVXOWHGLQ EXUUIUHHXQLIRUPWHHWKSURILOHJRRG
URXJKQHVVFKDUDFWHULVWLFVDQG PDQXIDFWXULQJTXDOLW\ ',1VWDQGDUGXSWRZKLFKLV PXFKEHWWHUWKDQ WKHTXDOLW\RIWKHJHDUV
PDQXIDFWXUHGE\ WKH RWKHUFRQYHQWLRQDOSURFHVVHV
x 7KHILQGLQJVRIWKHSUHVHQWZRUNSURYLGHDVWURQJEDVLVIRUIXUWKHUH[SORUDWLRQRI:('0IRU PDQXIDFWXULQJ RI KLJK TXDOLW\
PHVRJHDUV
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